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I n t r o d u c t i o n  

The d a t a  r e d u c t i o n  f a c i l i t i e s  a t  t he  Goddard Space F l t g h t  Center 

p rocess  magnetic t apes  con ta in ing  ? a t >  received from the  s c i e n t i f i c  

s a t e ? l i . t e s .  

Universal  Time i s  produced by a t h e  -T.co?;c.r l oca t ed  i n  t h e  t r a c k i n g  

s t a t i o n  and i s  s e r i a l l y  recorded O i l  a c h a n m l  of  t h e  tape ad jacen t  t o  

those on which t h e  incoming d a t a  a r e  bei-ng recorded,  

and support ing computer f a c i l i t i e s  c o r r e l a t e  t he  s a t e l l i t e ' s  l o c a t i o n  

i n  space with t i m e ,  and r e c e i v i n g  net'.gorks and d a t a  r educ t ion  f a c i l i t i e s  

c o r r e l a t e  the s a t e l l i t e ' s  d a t a  w i t h  t i n e .  

from t h e  s a t e l l i t e s  thus 'Jse t i m e  as  an inde?endent v a r i a b l e  i n  c o r r e l a t i n g  

d a t a  with p o s i t i o n ,  erroneous t l n e  readings 2.rZ a source of genuine 

concern t o  t h e  experimenters .  

e r r o r s  t o  a minimum, an e r r o r  de ' iec t - lag  ir8L wrrectCr-2 t i x e  decoder has  

been designed f o r  m e  x i t h  t 1L::is; a t  Goddard. 

The time code which ir,dlc?.tcs t'x d a t a  r ecep t ion  t i n e  i n  

Tracking networks 

Since a m a j o r i t y  of the d a t a  

I n  o rce r  K O  r.zZ.-ce thle tine reading 

This  system w i l l  f i r s t  3, 24; .. . . , ) :  .. 7 :< :c .  ; :-,-; :_Ea I r, >-i7 -. (che second 

of t h e  O r b i t i n g  S o l a r  Obsenrator . , ,  ..L :ic . 

Time  Codes 

The t w G  t i r 2 2  codes adoate l  . :L?  :: ' :!:: -:-2 ,><,2ar: Sp":., Fligi1t 

Center  a r e  the  s e r i a l  decimal ( S ? )  :::-,:e L:: t 5 e  Sin2i-y cc,<ed 

decimal (322)  titi12 case. 
The Serra!. Dccinal T i m ?  Cod<-. 

The s c r j a i  c~c . -mal  tirne cod.-. :,.- . S L S  o r  x n e  c ~ . z a  Ln 6Ljri.t. from 

t e n s  of  secor .2~  through t e n s  of ho-.:;. ;C-Lprz L ~ h a : ~  t h i s  c,?..?. The 

. . " .  . .  

1 .  

r e s o l u t i o n  of t he  s e r i a l  decimal r:-n.  ~ ' 9 3 ; : ~  - ..:, - 03e ~ C C O T - ~ ~  ; ~O>.;P\~C T, t h s  

2 

c " 
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r e s o l u t i o n  can be irnproved -to one mi!liciecond wi th  t h e  use of a 

l i n e a r i z i n g  ( r e f e r e n c e )  f r equemy , iriric3 Ls e i t h e r  100 k i l o c y c i e s  

L ) Y  f .  
' U  

(KC) o r  LO KC and i s  d e r i v e d  from the s a x  zracking s t a t i o n  p r e c i s i o n  

o s c i l l a t o r  from which t h e  t i m e  c o l e  is der ived ,  Frequency modulation 

i s  used f o r  r eco rd ing  t h i s  siyns:  G ~ I  t??z. 

The RCD Time Code 

The BCD t i m e  code presen:i= ?'.!x' .'.-tz i n  d i g i t s  from seconds through 

hundreds of days.  This i-ncl oxr ?]its p e r  second of " s t a t i o n  da ta"  

t o  i d e n t i f y  a magnetic tape r \ ? c r r ' i r y -  ):. i z c l u d l n g ,  f o r  exsmple, s t a t i o n  

i d e n t i f i c a t i o n ,  : i a t e l l i t e  idp;,r' Lirr - -  - -  7 2 ,  the ysar of r eco rd ing ,  e tc .  

The r e s o l u t i o n  of t he  BCD t i r  ' 3  e 7 3 D i l e  mil l i s econd  because t h e  1 KC 

carrier frequency i s  a p a r t  c ,  f.i. cd> . A b i n a r y  zero i s  r ep resen ted  

by an a p ? r o x ; v t e  t h r e e  t o  o ; : ~  -.T-:- ~ ;he v o l t a g e  amplitude o f  t h e  

car r ie r  'or tsro complete c y c l e s ,  D .PLY one xs r ep resen ted  by a 

s i m i l a r  c e r r i e r  v o l t a g e  inc rezse  f o r  -:x coxp le t e  c y c l e s .  Figure i 

shows che 1 I<C coded c a r r i e r .  ?:IC sp. Lrrx,? of t h e  BCD t i m e  code 

Lncludes no s ign i f i - can t  energy l o r e  t:l - 7- 400 c y c l e s  away from the  1 

KC c e n t e r  frequency; t h e r e f o r e ,  :his r d e  cizn be mixed wi th  o t h e r  s i g n a l s  

on a s i n g l e  channel  o f  a t a p e  recordil-ly: co conserve channeis.  A:. 

p r e s e n t ,  t h e  se rvo  s i g n a l ,  which i s  50 c y c l e s  p e r  second modulation of 

18.24 KC, i s  mixed wi th  the  BCD t i x  code. The decoders p rev ious ly  
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a v a i l a b l e ,  however, have no t  been a b l e  t o  do an  adequately r e l i a b l e  

j o b  of decoding t h i s  ti= code, because the s i g n a l  s t r e n g t h  and s i g n a l -  

t o -no i se  r a t i o  have had wide v a r i a t i o n s  among the ensemble of t a p e s  . 

r ece ived  from t h e  r e c e i v i n g  s t a t i o n s ,  and t h e  decoders have been unable 

t o  cope wi th  t h e s e  v a r i a t i o n s .  

P resen t  Methods of T i m e - D a t a  Cor re l a t ion  

I n  t h e  d a t a  r educ t ion  process a t  Goddard, t h e  two methods-previously 

used f o r  c o r r e l a t i n g  t i m e  with data  are the  mul t ip l e - r ead - in  method and 

t h e  s ingle-read-  i n  method. I n  the mul t ip l e - r ead - in  method the  decoder 

c o l l e c t s  t h e  t i m e  d a t a  from t h e  magnetic tape and formats t h e  d a t a  as 

a s i n g l e  t i m e  reading; once every t e n  seconds f o r  S e r i a l  Decimal, o r  

once p e r  second f o r  BCD. 

ano the r  f u l l  t i m e  reading i s  c o l l e c r e d .  

t h i s  method i s  t h a t  any temporary pe rcu rba t ion  i n  t i m e  s i g n a l  appears  

as an e r r o r  i n  t h e  t i m e  reading.  I n  t h e  s i n g l e  r ead - in  method t h e  

o p e r a t o r  observes t h e  r e g i s t e r  d i sp l ay  and when it appears t o  be 

This  reading is  updated by 1 KC p u l s e s  u n t i l  

The main disadvantage with 

1 d\$ monotonical ly  inc reas ing ,  he t r a n s f e r s  the decoded t i m e  word from t h e  

decoder i n t o  a r e g i s t e r  where i t  i s  updated with 1 KC pu l ses .  The main 

disadvantages of t h i s  method a r e  t h a t  only one time reading is  a c t u a l l y  

c o r r e l a t e d  wi th  t h e  da t a ,  and t h a t  p o t e n t i a l l y  va luab le  d a t a  are l o s t  

each  t i m e  t h e  r e g i s t e r  i s  re 'set ,  s ince t h e  ope ra to r  must w a i t  s e v e r a l  

seconds t o  be s u r e  t h a t  t h e  decoder output  is i n c r e a s i n g  monotonically 

b e f o r e  s e t t i n g  t h e  updat ing r e g i s t e r .  

F igu re  2 shows v a r i o u s  p o s s i b l e  errors i n ,  and cond i t ions  o f ,  a 

decode r ' s  ou tpu t .  Undetected e r m r s  i n  rhe time readings a s s o c i a t e d  

w i t h  d a t a  can i n c r e a s e  t h e  c o s t  of t h e  d a t a  r educ t ion  p rocess .  I n  la ter  
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process ing  of t h e  d a t a ,  gene ra l  purpose computers are  used t o  perform 

such o p e r a t i o n s  as s c a l i n g ,  conve r t ing ,  s o r t i n g ,  and o t h e r  s p e c i a l  

a r i t h m e t i c  o r  fo rma t t ing  ope ra t ions  as may be necessary f o r  a s p e c i f i c  

se t  of d a t a .  I f  undetected e r r o r s  i n  t h e  t i m e  d a t a  are recorded on 

t h e  d i g i t a l  magnetic t a p e ,  c o n p t e r  t ins  must be spen t  i n  sea rch ing  f o r  

t h e s e  e r r o r s .  For PFP? t e l eme t ry ,  t h e  d i g i t a l  t ape  i s  formatted t o  have 

a t i m e  reading oncs p e r  frame, :rhich occur  a t  approximately c o n s t a n t  

t i m e  i n t e r v a l s .  The computer r m s u r e s  (:h2 d i f f e r e n c e  between two . 

consecut ive  time readings;  and i f  t h i s  d i f f e r e n c e  f a l l s  o u t s i d e  

c e r t a i n  t o l e r a n c e  l i m i t s ,  an e r r c r  i s  i n d i c a t e d .  

Th? Systems Approach t o  T ime  Z r r o r  I e t e c t i o n  - - _--- I-. ---- 

The eng inee r ing  problem i s  Sn  c.hco;<ng and des ign ing  a system which, 

while  minimizing o p e r a t o r  intervc2.t io?. , q t i m i z e s  t h e  rradz-o Tf of 

cost-complexi ty  v s ,  index of ccxiCi.:!m<:? Lr, i t s  ou tpu t  r ead ings ,  The 

i d e a l  system would be one tha: : . o d d  ? r o v ' J ~  c o r r e c t  t i m e  readir.:J:s 

r e g a r d l e s s  or' e r r o r s  i n  ?he L::p..t s i ~ z a l .  A more r e a l i s t i c  sys ten i  i s  

one f o r  which t h e  output  can .s index of confidence u'!iich 

i s  a func t ion  of  th? conditio:; c:-f t5s Lr.--t s i g n a l  and the  cost and 

complex?:.t?7 cif tiiz system. The final c h o i c e  of an optimum system depends 

 on t he  s t a t t s t i c s  of the prabGkf.:Lc,9 3f occurrence of any given type 

of e r r o r .  
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Categorizing Errors 

The systematic design of a system which deals with errors requires 

categorizing those errors. There are several ways to classify these 

errors, cog,, firstly, those caused by the encoder, decoder, by transmission 

link; secondly those caused by equipment, or by the operators. 

The most useful categorization seems to be the consideration of the 

various conditions which can be assumed by the signal at the input to 

the decoding system. Malfunction of the decoding equipment can be 

shown to be equivalent to some of these input signal conditions. With 

this in mind, the listing Tabel A was prepared. (See Table A) 

TABLE A 

Conditions of the signal arriving in the Data Reduction Facility 

The BCD code exists: 

1, It is correct 

2. It is incorrect sporadically 

3.  It is incorrect regularly (bias) 

The BCD code doesn't exist: 

4 temporarily 

5, permanently 

The SD code exists: 

6 ,  It is correct 

7. It is incorrect sporadically 

8. It is incorrect regularly (bias) 

The SD code doesn't exist: 

9 . temporarily 
LO. permanently 
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V. The Linearizing frequency exists 

11. It is correct 

12. It is incorrect sporadic 

13, It is incorrect regularly (bias) 

VI. The Linearizing frequency doesn't exist 

14. temporarily 

15. permanently 

The conditions can exist in only e igh t  possible combinations 

Category I1 & IV & V Category I1 & IV & VI 

11 & XI1 & VI 

I & IV & VI 

I & 111 & VI 

I' 11 & 1x1 64 V 11 

I' I & IV& v I I  

I' I & 111 & V 11 

The other combinations are impossible because categories I & 11, 

categories I11 & IV, and categories V & VI are mutually exclusive. 

An Identification and Correcticr: S j r s t e a  

This system detects and i d e n t i f i e s  errors and corrects certain 

types of errors. 

binary n-mbers which express either the rt!zber of elapsed milliseconds 

of the year, or the number of elapsed milliseconds of the day and the 

day of the year, as well as the mixed modulus system where time is put 

on the digital magnetic tape as a BCD nurnber indicating the day of the 

year, hour of the day, minute of hour, etc .  

helps eliminate costly conversion time later in the data analysis process. 

In addition, it provi.fes rime readings as pure 

Providing both formats 
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The time decoding system which is being built has been designed to 

consider: (1) a low signal-to-noise ratio at its input, where noise 

includes white noise, impulsive noise, and stray modulation; (2) genuine 

errors in the input signal which may be caused at the encoder: ( 3 )  signal 

fade-out; and ( 4 )  decoder malfunction. 

There are only four combinations of bad input signal in Table A 

which will render incorrect output readings without the system recognizing 

that its output is incorrect. These four  combinations are: 

1. (3 ,8)  a BCD bias error and a SD bias error where the two 

bias errors are equal. 

2. 

3. (5,8,11) no BCD code anywhere on the tape, a SD bias erroro 

(3 , lO)  a BCD bias error and no SD code anywhere on the tape. 

4 .  (5,8,14) no RCD code anywhere on the tape, a SD bias error, 

and the linearizing frequency missing f o r  very short periods 

of time. 

The seriousness of these limitaticns, of course, depends upon the 

nature of the input signal, the frequency of occurrence of the un- 

manageable inpr.”; signal combinations, and the consequences of allowing 

uncorrected errors. After a careful consideration of these factors, it 

, was presumed it would not be economically justified to design features 

into the system to compensate for these irregularities. 

There are three inputs to the system; (i> the BCD time code, 

(2) The Serial Decimal (S,O.j time code, and ( 3 )  a linearizing frequency. 

The following is a brief description of the elewnts of the block 

diagram of the proposed system (See Figure 3 ) .  
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A.  Band Pass  F i l t e r s  

These f i l t e r s  were designed t o  e x t r a c t  t he  BCD t i m e  code from the  

incoming s i g n a l  which can a l s o  contain an 18.24 KC carr ier  frequency 

t h a t  i s  amplitude modulated with 60 c y c l e s  f o r  t a p e  speed c o n t r o l .  

The f i l t e r s  have been designed t o  a t t e n u a t e  both t h e  c a r r i e r  and t h e  

servo s i g n a l  a t  t i m e  compressions of  1, 2 ,  4 ,  8 ,  and 16,  ( i . ee ,  tape 

speed-ups). The band width of the 1 KC f i l t e r  i s  800 cyc le s .  

These f i l t ers  are conventional T-type capacitor and inductor ZGW 

pass-high pass  f i l t e r s  

1 Be BCD Code Detector 

The purpose o f  t h i s  code d e t e c t o r  i s  t o  accep t  and adequately 

d e a l  with amplitude v a r i a t i o n s  of t he  input s i g n a l .  I t  w i l l  handle 

v a r i a t i o n s  of from 2.0 t o  13.0 v o l t s  peak-to-peak, I t  a l s o  demodulates 

the time code from t h e  carrier. 

C. BCD Decoder 

This u n i t  d i s c r i m i n a t e s  between rhe "ones" and "zeros" of t he  

BCD t i m e  code and p r e s e n t s  t h i s  decoded tixe t o  t h e  read-out c i r c u i t r y .  

The BCD decoder c o n t a i n s  a "one" d e t e c t o r  c i r c u i t ,  sync s h i f t  p u l s e  

g e n e r a t o r ,  sync p a t t e r n  recognizer ,  sync s h i f t  r e g i s t e r ,  l o g i c  coun te r ,  

b i n a r y  i n p u t  e r r o r  d e t e c t i o n  l o g i c ,  bir.ary s h i f t  r e g i s t e r ,  and a 'binary 

word generator .  

D. BCD Readout 

This u n i t  r ece ives  the  decoded BCD t i m e  word i n  p a r a l l e l  form from 

t h e  s h i f t  r e g i s t e r  i n  t h e  BCD decoder u n i t  and holds  ezch decoded 

word for d i s p l a y  and for making comparisons. 
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E ,  Display Un i t s  

Each decoded word i s  displayed t o  f c c i l i t a t e  o p e r a t i o n  and maintenance. 

Eech d i s p l a y  u n i t  con ta ins  "Nixie" d r i v e r s ,  binary- to-decimal conve r t e r  

u n i t s ,  and m i n i a t u r e  "Nixie" tubes fo r  d i  sp'_ay. 

F Shaper,  Frequency Se l-ector, Frequency D i v i d e r ,  and Flywheel 

Synchronizing S e l e c t o r  

Two d i f f e r e n t  "real time" l i n e a r i z i n g  frequency s i g n a l s ,  100 KC 

or 10 KC may be a v a i l a b l e  t o  t h e  t i m e  decoder. 

Schmitt  Trigger  c i r c u i t ,  

d iv ided  down t o  10 KC i n  t h e  "frequency se l ec to r " .  

i s  t h e  10 KC s i g n a l ,  it is  passed s t r a i g h t  through t h i s  s e l e c t o r ,  The 

10 KC out of t h e  frequency s e l e c t o r  i s  aga in  divided by ten i n  t h e  

I 1  frequency d i v i d e r "  i n  o r d e r  tc: produce 1 KC. 

i s  reset by t h e  1 KC c s r r i e r  f r o n  the BZD code d e t e c t o r  t o  assure t h a t  

synchronization e s i s t s  between b c t n  i KC s i g z a l s  e n t e r i n g  the  flywheel 

They are  shaped wi th  a 

I f  t h e  i n p u t  i s  the  100 KC s i g n a l ,  i t  i s  

I f  t h e  i n p u t  

The frequency d i v i d e r  

synchronizing s e l e c t o r ,  This selector s q p l i e s  1 KC t o  t h e  flywheel from 

t h e  l i n e a r i z i n g  frequency i f  thbc signal i s  :>resent. I f ,  however, the 

l i n e a r i z i n g  frequency fades o u r ,  t he  i KC from the  BCD d e t e c t o r  w i l l  

a u t o m a t i c a l l y  be used t o  d r i v e  the  flywheel,  

G ,  Flywheel 

The purpose o f  t h e  flywheel i s  ta ?YCLCCE a nminal  1 KC s i g c a l  

which i s  phase-locked t o  i t s  i c p u c ,  i f  r k e r e  i s  a n  i n p u t l  and t o  maintain 

a n  ou tpu t  a t  the  frequency of th2 iast i npu t  i f  t h e  inpu t  d i sappea r s .  The 

f lywheel  h.-s a s e l e c t a b l e  bandb7icc.I of - -i- 5 2  o r  - + 10%. This m a n s  t h a t  the 

s t a n d a r d  frequency a t  the input CJ-I -7a;y 2.3 much as t h e  s e l e c t e d  bandwidth 
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and y e t  t h e  ou tpu t  of t h e  f l 7 r k c e l  y/iII ccn t inuc  t o  malntain phase-and- 

frequency-lock wi th  i t s  inpu t .  T-'-r-::; :si 11 cc-xpcnsate f o r  i npu t  tepe 

s t r e t c h ,  o r  i n p u t  t a p e  recbri!n-: c.-;?c::.< ::;'.ria"Lion, etc. E2.e fly.;..!iecl a l s o  

s u p p l i e s  t h e  8 KC s i g n a l  t o  the S e r i n l  Decimal decoder f ront-end c i r c u i t r y .  

2. D i g i t a l  F i l t e r  a.nd 3 . C .  :?cs'iorer Un i t s  ---...---- _L 

The S e r i a l  9ecirnal code s i g l a l  c o . ~ s l s t s  of p u l s e s  which are 40 t o  

45 mil l i s econds  wide and occur 5 :  *- I. - - of t e n  p u l s e s  p e r  second. 

Such a wide-band s i g n a l  i s  sus:.ay,~5 !>I c t o  degrada t ion  by impulsive and 

white  n o i s e  vhich makes thc  I - c c ~ ; ? - ;  o . this code s u s c e p t i b l e  to  e r r o r .  

D i g i t a l  techniques are ernp!,c!, . :i to c?:l-i:ract t h i s  s i g n a l  f r o n  the n o i s e .  

The DC v o l t a g e  of t h e  base ' t e . 2  i-8: E?-- .::; : i npu t  pulses varies between 

, -  p l u s  one-half  volt and riicc; . _ -  7:: x o  A 2: r i s t o r i n g  c i r c u i t  i s  

used t o  assure il c o n s t a n t  b:z: :>"'>;. -11 t he  i n p u t  of t he  decoder. 

checks the Ser ia l  decimal s y s t ~ r - .  3 ; 7  7. iy of a word gene ra to r .  

3 ,  S e r i a l  Decimal 1?:,33u; -_..__...._I 

T5Ls u n i t  r e c e i v e s  t h e  Serizl ~C;:~XZI decoded t i m e  word i n  p a r a l l e l  

from t h e  Ser ia l  Decimal Decoder and 'ricIds t h i s  i n f o r n a t i o n  f o r  t e n  seconds 

for d i s p l a y  and f o r  making comnpa-risor::; . , ~ i t h  t h e  decoded BCD word o r  t h e  

accuwclat ing r e g i s t e r ,  

K. Accumulating R?n;s+aT. -, :-2L?.. 

m- ine use of  an  accumulating r e g i s  ier p reven t s  p o s s i b l e  sporadic 

errors Cn e i t h e r  of the decoded t i n : ?  mzds  f ron  being passed t o  the  r e s t  

o f  the d a t a  r e d u c t i o n  faci1i t .J .  '?.e i:n*, as decoded i n  e t t h e r  the Se r i a l  

Decimal o r  B C 3  decoders ,  i s  a ; i ton~r:c: : l ly  c a t  intc t h e  accumulatcng regis ter  
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a t  t h e  beginning of each d a t a  reductior,  run and/or  when the  mode of ope ra t ion  

switches between loops 1 and 2. 

ou tpu t  o f  t h e  flywheel. 

Th2 r e g i s t e r  is then updated by t h e  1 KC 

This zccimulated 2 i m  i s  a v a i l a b l e  as  an output  

and 5 s  a l s o  s e n t  t o  t h e  BCD-to-binary conve r t e r  which p r e s e n t s  t i m e  

(ins o f  t h e  day and day of the year o r  ms of the yea r )  t o  t h e  d a t a  r educ t ion  

f a c i l i t y .  The BCD output  of t h e  a c c c c u i a t i q  r e g i s t e r  i s  programmable. 

L o  "Comparator" and "Set in New :Jord" 

The "Comparator" compares t h e  decoded time with the  accumulated 

t i m e  i n  t h e  accumulating r e g i s t e r ,  

between the  serial  decimal and ECCl decoded t i n e  wordsa The " se t  i n  

It alscs s e rves  t o  make comparisons 

new word" u n i t  o p e r a t e s  i n  COR~UIICC~OTA w l t h  the c o q a r a t o r  t o  s e t  a new 

woi:d i n  accumulating r e g i s t e r  when the a c c m d . a t i n g  r e g i s t e r  i s  deemed 

i n c o r r e c t .  Tne comparator d e t e c t s  crroi-.: :k inpcr  signal and e r r o r s  

i n  the  equipment i t s e l f ,  and i s ,  tf.erefo:s, 3r-e of t k  n o s t  b a s i c  elements 

of t h e  system. 

M, BCD- to-Binary C C X - ~ - ~ ~ ~ : - C  zr ---- 
This u n i t  conve r t s  t he  tixe . : C Y ~  5:. :?-? sccumulating r e g i s c t r  

(seconds through hundreds of d;y 5: t o  c I i ~ - - ~ j  nunber r e p r e s e n t i n 2  

e i t h e r  mi l l i s econds  of the year ijr ~ i i ~ 1 - - : : s n c s  of the  day and day of the . -  

year .  This converted time word Ls p r e s a c z d  cs t h e  daca r educ t ion  

f a c i l i t y  upon e l e c t r o n i c  reqLisst .  ".:e ~ C I I C T L :  JF ';his ou tpu t  i s  prc_ramnable. 

Tie convertor  i s  d e s i p e d  cr, rc.<2 L.; 3.,t;:xtic i n t e r n a l  t es t  f o r  

procedure 2ndicztec a component r ; r l  fx:.ch,Lc.i, en  e r r o r  l i g h t  w i l l  w c z ~  the: 

o p e r a t o r  and t h e  o u t ~ u t  w i l l  t,a :! - 2  C - .  -22 l i g h t  w i l l  reinain l i t  cn t l ' l  I 

t h e  malfunct ion i s  r e p a i r e d  and *-T.~:T~ I r  vi11 be ext inguished autoroacically. 
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N. "Setable Trap" 

The purpose o f . t h i s  t r a p  i s  t o  ? i d  t he  o p e r a t o r  i n  l o c a t i n g  a 

sp t .c i f iz  t i m e  among the  ensemble of i n c o x L ~ 3  t i m e  words, 

of a "Digiswitch" and a comparator. 

and a comparison i s  made'between t h i s  zumSer and the word i n  the  

accumulating r e g i s t e r .  Mhen the nurrbcr i n  t he  accumulaticg r e g i s t e r  

i s  equal  t o  o r  g r e a t e r  .than the number on t h e  Digiswitch t h e  o p e r a t o r  

I t  c o n s i s t s  

A nurher  Fs set  on t h e  Digiswitch 

will be alar?&&. 

This  decoder makes u s e ,  when p o s s i b l e ,  of t h e  b u i l t - i n  redundancy 

of having both t h e  BCD and S e r i a l  Decim3.1 ( 3 . A )  t i n e  s i g n a l s  a v a i l a b l e  

f o r  processing.  

au tomat i ca l ly  cons ide r s  only  t h a t  one. 

i t s  i n t e r n a l  c i r c u i t r y ,  i d e n t i f i e s  ( f 1 L 3 g ~ )  ~ h s  c l a s s  of e r r o r  wnich i . t  

has d e t e c t e d ,  can automzEicaliy d e l e t e  Z'hC auzput and z l e r t  t h e  ope ra to r  

when the t ime-densi ty  of e r r o r s  zxc-?ds  s 5 > r e s e t  v a l u e ,  a l e r t s  the 

o p e r a t o r  and d e l e t e s  t he  output  IS ?revious?.y known 2 r i s . e ~  t imes.  T h e ,  

f e a t u r e  of alarming the  operaror  :.t SOW p r e s e t  t i m e  permits  tfiz i--medi?.te 

automatic d e t e c t f o n  of lcnoim t ines ,  SEC'? $ 3  .- end of the  recordi.:;: of 

a p a r t i c u l a r  s a t e l l i t e  pass ,  This :!e?.t=rc is zxpzc ia l ly  use fu l  when more 

than  one pass  i s  recorded on one :.n.=.lo~ ..: 

I f  only one of these two signzls i s  p r e s e n t ,  i t  

The decoder a u t o s a t i c a l l y  checks 

The s y s t e n  r e q u i r e s  no s t a r t  :tiL; pi^aLcq2~ .c-z o r  s t a r t i n g  p o i n t  an the 

. .  d a t a  t a p e ,  Unlilce other  ti.r ,re uLcu-.-- - l : . ~ * n , i ~ ~ - , e ~  ~1r.2.s system has n e i t h e r  macual 

s i n g l e - r e a d - i n  nor  mult .p le-reac- i - i  incdes of ope ra t ion ,  It perfcxxs these  

o p e r a t i o n s  aucomhti ta l ly  whether X.2 o r  Si) or both time codes a r e  a j . a i i s b l e ,  
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Tile a t t ached  func t iona l  l o g i c  d&i- ,&r&a (Figure 4 )  o f  the  t i m e  decoder 

shows i t s  va r ious  modes of ope ra t ion .  i  he system has been r c s e t ,  

e i t h e r  by  the  system normalizer  u h e n  t h c  2ol.xr i s  f i r s t  turned on,  o r  

by pushing t h e  master  reset  b u t t o n ,  oper;:t-i.on will begin  i n  loop 1. 

I n  t h i s  l o o p ,  tlhe decoded BCD t ine wor i  )+.ill be compared wi th  the 

accumulating r e g i s t e r .  I f  they compare, f l a g  1 will be presented  t o  

t h e  b u f f e r  t oge the r  wi th  t h e  t i c e  word. Zf they do n o t  compare, f l a g  

2 w i l l  be presented  t o  t h e  b u f f e r  accoqar i ied  by t h e  t i m e  word. 

I n  t h i s  loop t h e  decoder w i l l  also determine i f  t he  s e r i a l  decimal 

c i r c u i t  i s  i n  synchronism wi th  the  Lworn1r.C; serial decimal code. 

s e r i a l  decimal c i r c u i t  is i n  synchrcnisrn L, c..iz incorning s i g n a l ,  the  

a p p r o p r i a t e  p a r t  of t h e  incoming B C 3  z iac  -;ai$ ;- id c o q e - r e d  wLih tne s e r i a l  

decimal t i m e  word. f?e  BCD 

c i r c u i t  i s  au tomat i ca l ly  checked f o r  c i rcs : :  xa l func t ion .  I f  criers L s  

no c i r c u i t  mdlfunct ion 3 deterrninzclm L s  : . r . - i ~  :::s t o  whether o r  no t  rhc 

BCD c i r c u i t  i s  i n  synchronism wirh chc L-cc..:,r,.r X D  time code. I f  i r :  

i s  i n  synchronism a new BCD t ine  wor5 i s  se.: i;. che accunula t ing  register 

and updared. I f  t h e r e  i s  a BC3 c i rcu i i :  m a 2 : ~ n c z i s n ,  t he  X O  c i r c u i t  

o p e r a t i o n  is  inhibited and the decoding fun , , ; -<on .- L. L; s h i f t e d  to loop 2 .  

Another way to  shift the  decoding f ~ n c t i o z  t 3  -ai;? 2 i s  t o  have t h e  3 C D  

t i m e  word and t h e  accumulating regFsi:er noz 2;rsit l o r  a nm.ber of 

consecut ive  t i m e s ,  whgre the  number i s  sfleccii:<, I n i t i a l l y  the nux5sl- 

has  been s e t  f o r  t h r e e  t i n e s .  

I f  che 

I f  they do ncjt compare 5avor;bly (f1a.g 9) 

d 

e, , Opera t ion  of t h e  decoding functio:; i.2 Ita? 2 1 3  s i rn i la r  t o  th31: Fi7. 

loop  1 except  t h a t  t h e  ssrLal decimal code i s  used i n  p l ace  o f  the h inary  

coded decimal  c ~ d c ,  Xo:.;c?vcr, since c k ?  3C3 'Ioop is L?,L! more deslrzble 
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loop ,  because of t he  BCD time coda c h a r a c t e r i s t i c s  desc r ibed  under "Time 

Codes", t h e  decoder w i l l  c o n t i n u a l l y  Letennine i f  o p e r a t i o n  i n  loop 1 

i s  p o s s i b l e ;  and i f  so, i t  e l - ?  s'li-ft the decoding f u n c t i o n  back t o  t h a t  

l oop .  

Conclusions 

An e r r o r  d e t e c t i o n  and c o r r e c t i n ?  t i m e  decoder has  been designed f o r  

u s e  with s a t e l l i t e  d a t a  r educ t ion  f a c i l i t i e s  t o  cope w i t h  t h e  l a r g e  number 

o f  erroneous t i m e  readings.  

s t r a i g h t f o r w a r d  instance-by-instance c i m e  decoding ( c a l l e d  m u l t i p l e  

r ead - in )  i n  t h a t  sho r t - t e rm pe rzu rba t .ons  i n  t h e  t i m e  code w i l l  n o t  produce 

a n  i n c o r r e c t  o u t p u t  from the decoder. This decoder i s  an improvement 

ove r  a s i n g l e  r ead - in  method of da t a - t ime  decoding updated by a s tandard 

frequency,  i n  t h a t  i t  c o n t i n u a l l y  coree!l.>tes the t i m e  words wi th  t h e  

d a t a .  The decoder f u r t h e r  decodes boch a serial decimal t i m e  code and 

a b i n a r y  coded decimal time code, connares them wi th  each o t h e r  and w i t h .  

t h e  accumulating r e g i s t e r ,  and " f l ags"  zach t i m e  reading t o  i n d i c a t e  t h e  

amount of confidence t h e  experimenter .an p l a c e  i n  its accuracy. It 

a l s o  i n c o r p o r a t e s  self-checking c i r c u - t s  to reduce t h e  p r o b a b i l i t y  t h a t  

a malfunct ioning decoder component will provide an  i n c o r r e c t  t i m e  reading. 

This decoder i s  a n  improvement ove r  t h e  


